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APPENDIX D

VEHICLE TEST PROCEDURES

D.1  Introduction

The following sections of Appendix D provide specific,
quantitative descriptions of the test procedures called for in
Table D-1. This table indicates the tests which were conducted,
indicating the specific vehicles and test conditions. The shaded
area indicates those tests which were planned, but which were not
completed due to the rollover incident discussed in Appendiy F.
The specific steer angles indicated were obtained by simplified
analyses using vehicle and tire parameters available prior to
testing. As a result of test experience, certain of these values
were altered. In general, steer angles were chosen to make an
orderly approach to maximum lateral accelerations of .5 g on the
dry asphalt surface and .3 g on the wet asphalt surface.

D.2 Straight-Line Braking

re

D.2.1 Effectiveness Testing Procedures. With cdld brakes
(i.e., less than 200°F) and the vehicle traveling in a straight

line at the initial velocity of 40 mph, the clutch was depressed
and the brake pedal displaced in a quasi-step manner to a pre-
determined level. This level of pedal displacement and a steering
wheel angle of zero was maintained until the vehicle stopped.

Brake system input for hydraulically-braked vehicles was
recorded in terms of brake pedal force. For air-braked vehicles,
brake system input was recorded as brake line pressure at the
output of the treadle valve.
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Within the limits of vehicle stability and safe test
practice, tests were conducted at a minimum of five levels of
brake system input corresponding to 20, 40, 60, 80, and 100% of
the input required for the occurrence of first wheel lockup. One
repeat test of each input level was conducted.

D.2.2 Front-Only and Rear-Only Braking Tests. For front-

only tests, brakes on the vehicle's rear axle were disabled. For
rear-only tests, brakes on the vehicle's front axle were disabled.

Tests were conducted identically to those described in
Section D.2.1, save the following exceptions:

1) Initial velocity was 28 mph.

2) There were only four runs, two with front brakes
only and two with rear brakes only. In all runs,
brake system input was 50% of the level required
for first wheel lockup (as determined by the
effectiveness test of the vehicle in its
corresponding load configuration).

D.3 Trapezoidal Steer

With the vehicle traveling in a straight line at the
designated initial velocity, a trapezoidal (or quasi-step) steer
angle, of the form indicated in Figure D-1, was 1npuf'to the
vehicle via the Automatic Vehicle Controller.

Each trapezoidal steer test called for in Table D-1 implied
a full series of trapezoidal steer tests conducted at both 30 and
50 mph. Test procedure number 4, Trapezoidal Steer (conducted with
increasing severity), also included quasi-step steer tests at both
30 and 50 mph.
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Table D-2 lists the specific parameters describing the input
steer angle wave forms used in each vehicle/test surface configura-
tion called for in Table D-1. Tests conducted at the lower steer
angle levels were all done with one polarity of turn.

D.4 Braking In A Turn

The braking-in-a-turn test was conducted in a manner similar
to the trapezoidal steer test with the addition of constant level
braking introduced during the turn. The vehicle input wave forms

.t

are illustrated in Figure D-2.

Table D-3 indicates the specific input levels used in testing.
Tests were conducted beginning with Tow levels of braking and
progressing to higher levels. Upon the occurrence of first wheel
lock, the test series was terminated, i.e., no higher level of
braking was employed.

As was the case in trapezoidal steer, successive runs were
conducted in one polarity with the highest level test conducted in
both directions and with one repeat run in both directions.
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Table D-3

Steer Angle,

Brake Level,

Initial 0 ® T T,-T T T,-T T-T
Surface Velocity, mph Sy 8y, (%) o 1 70 laxia 471 5 4
Wet Asphalt 30 * % 20,30,40,50 >1 sec |1 sec 2.5 5 sec 1 sec
sec
Dry Asphalt 50 Ll 40,50,60,70

*Brake input levels are expressed as a percentage of the level required
to produce wheel lock during effectiveness testing on the dry surface
of the same vehicle in the same load condition.

®*Equivalent to a .2 g steady-state turn.

***Fquivalent to a .35 g steady-state turn.

***%*Tn the earliest testing, T

allow full development of Steady-state turn.

was set equal to T,, but was later altered to



D.5 Sinusoidal Steer

With the vehicle traveling in a straight line at the pre-
scribed initial velocity, a steer angle of the form shown in Figure
D-3 was input to the vehicle. Table D-4 1ists the values of the
various input parameters used. As the table indicates, tests were
run at 30 mph on the wet surface and 30 and 50 mph on the dry
surface. As in the other handling tests described, lower level runs
were made with one polarity of turn. The highest level tests were
then conducted in both directions and with repeat runs. In the
case of the sinusoidal steer tests, the highest level runs for both
values of T were conducted in this manner.

O >
]

Steer 1 o
Angle

Time




Table D-4

Average Front Wheel

Steer Angle, Sw, deg.

Initial .

Velocity Perlod T, sec. Truck, Van
Surface mph Heavy Vehicle | Light Vehicle Pickup Bus
Wet
Asphalt 30 2,4 2,3 2,3,4 4,6,8
Dry
Asphalt 30 2,4 2,3 2,4,6 4,8,12
Dry
Asphalt 50 2,4 2,3 1,2,3 2,4,6
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APPENDIX E
DATA FROM FULL-SCALE VEHICLE TESTS

Data plots are provided covering the steering test results
obtained on the three test vehicles: van, pickup, and heavy
truck. Tabular data follow, covering all tests conducted on all
three vehicles in the program.

E.1 Ford Econoline Van Trapezoidal and Sinusoidal Steer Test

Data labeled "OE" refer to the installation of code L-2
tires at all four wheel positions (where tire codes are identified
on the attached copy of Table 3.1 from the Technical Discussion).
Data labeled extreme variation, "EV," represent the installation
of code L-2 tires on the front axle and code L-11 tires on the
rear.

n




TABLE 3.1.

Manufacturer

Tire No.
Heavy Truck
Tires
H-1 Uniroyal
H-2 Uniroyal
N-3 Uniroyal
H-4 B.F. Goodrich
K-5 B.F. Goodrich
H-6 Goodyear
H-7 Goodyear
K-8 Firestone
H-9 Uniroyal
H-10 Michelin
H-11 Uniroyal
Heavy Bus
Tires
- H-12 Firestone
H-13 B.F. Goodrich
H-14 B.F. Goodrich
H-15 Uniroyal
H-16 Uniroyal
H-17 Goodyear'
H-18 Michelin
H-19 Michelin
H-20 Michelin
Light Truck
Tires
L1 Firestone
L-2 Goodyear
L-3 Goodyear
L-4 Firestone
L-5 Goodyear
L-6 Firestone
L-7 Goodyear
L-8 Goodrich
L-9 Goodyear
L-10 Goodyear
t-n Firestone
L-12 Goodyear
L-13 Michelin
L-14 Wards
L-15 Michelin
L-16 General
1-17 General
L-18 Goodyear
L-19 Goodyear
L-20 Goodyear

12

FLAT-BED TEST TIRES"

Model

Triple Tread
Triple Tread
Triple Tread

Milesaver Radial

Steel H.D.R.

Milesaver Radial

Steel H.D.B.
Unisteel R-1
Unisteel L-1
Power Drive
Unimaster Rib
Radial

Fleetmaster
Superlug

Hiway Mileage

Intercity Mileage
Intercity Mileage

Intercity
MaxRoute I
Custom Cruiser
Radial XZA
Radial XZA
Radial XZA

Transport 500
Custom HiMiler

Rib HiMiler
Transport 110

Super Single HiMiler
Town & Country Truck
Custom Flexsteel
Milesaver Radial

Glas Guard XG
Glas Guard XG

Town & Country Truck
Custom Flexsteel

Radial XCA

Steel Belted
Super Wide

Radial XCA
Jumbo Power Jet
Jumbo Power Jet
Glas Guard
Glas Guard

Rib HiMiler

Size

10 x 20F
10 x 206
11 x 22.5F
10R206

10R206G

10 R 20 G
10R20 6
10 x 20F
15 x 22.54
10 R20 G
10 x 20F

12.5 x 22.56
12.5 x 22.56
11.5 x 206
12.5 x 22.56
11.00 R 20H
12.5 x 22.56
11.R 20 H

11 R 22.5 H

12 R 22.5H

14

8.00 x 16.5D
8.75 x 16.5E
8.00 x 16.5D
7.50 x 16.5C
10.00 x 16.5¢E
8.00 x 16.50
8.00 R 16.5E
8.00 R 16.50
8.00 x 16.5D
8.75 x 16.5E
8.75 x 16.5E
8.75 R 16.5E
8.00 R 16.5E
9.50 x 16.5D

x X X X X X X0 DO X X

8.75
8.00
8.75
8.00
8.75
8.75

16.50
16.50
16.5E
16.5D
16.5E
16.5E

x X X X X X
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Figure E.18. Light van: 1loaded EV, sinusoidal steer runs at 30 mph,
dry concrete, v = 3 sec.
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Light van: loaded EV, sinusoidal steer runs at 50 mph,

dry concrete, 1 = 2 sec.
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Figure £.20. Light van: 1loaded EV, sinusoidal steer runs at 50 mph,
dry concrete, r = 3 sec.
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E.2 Test Results - Ford F-250 Pickup Truck - Trapezoidal and
Sinusoidal Steer Test :Results

Test conditions are identified by the following codes:

Tire code no.'s refer to Table 3.1
in the text (pg. 24)

Test Code Front Tires Rear Tires

1]3 L1 (bias-rib) L1 (bias-rib)

TC 13 L13 (radial-rib) L13 (radial-rib)
TC 14 L16 (bias-rib) L16 (bias-rib)

TC 15 L1 (bias-rib) L9 (bias-lug/snow)
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Figure E.21. Loaded light pickup: trapezoidal steer runs at 30 mph.

34

-



Peak Lateral Acceleration (g's)

. 8<b

~J
A

Peak Yaw Rate, L (deg/sec)

s N 'l

40#

35T

304
254
204
15¢

104

A

2
 § v

30 40 50 60 70
Steering Wheel Angle, " (deg) |

e OF ms
mTC #13 o

30 40 50 60 70
Steering Wheel Angle, 8w (deq)

Figure E.22. Loaded light pickup: trapezoidal steer runs at 50 mph.
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Figure E.23. Unloaded light pickup: trapezoidal steer runs
at 30 mph.
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Figure E.24. Unloaded light pickup: trapezoidal steer runs at 50 mph.
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Figure E.25. Unloaded light pickup: sinusoidal steer runs at
30 mph, dry asphalt, r = 2 sec.
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Unloaded 1ight pickup: sinusoidal steer runs at 30 mph,
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Figure E.29. Unloaded light pickup: sinusoidal steer runs at 30 mph,
wet jennite, t = 4 sec.
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E.3 White Road Boss Heavy Truck Trapezoidal Steer Results

Data describing the trapezoidal steer numerics for the
baseline truck equipped with code H1 tires at all six wheel

positions.
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Figure E.33. Heavy truck: unloaded, trapezoidal steer runs at 30 mph.
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E.4 Tabular Presentation of Vehicle Test Data

Tables indicate the following test conditions and response

measures:
1) Loaded/unloaded state

2) Maneuver type, coded as follows

Code No. Maneuver
1 Straight-line braking
2 Braking in a turn
3 Sinusoidal steer
4a Trapezoidal steer, step-fronted input
4b Trapezoidal steer, ramp-fronted input

3) Test velocity (mph)
4) Steering wheel displacement amplitude (deg)
5) Period of sinusoidal steering inputs

6) Brake input level (% of input level needed to
lock all wheels on any one axle)

7) A , average value of longitudinal acceleration
ave
during a braking test (g's).

8) A , peak value of lateral acceleration (g's).
peak
(In sinusoidal steer experiments, the peak values

achieved at both polarities of accelerations.)

9) peak value of yaw rate (deg/sec). (In

r
peak’
sinusoidal steer, both polarity peaks are listed.)
10) Tinf> the time (seconds) at which the lateral
acceleration time history crosses back through
zero—measured with respect to initiation of
steering—in a sinusoidal steer maneuver.
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Data presented for the light van and heavy truck indicate

the installed tires by model and size.

Pickup truck tests are

identified by a code indicating tire installations as shown

below.

Test Code

TC-12
TC-13
TC-14
TC-15

L1
L13
L16
L1

Front Tires

50

Rear Tires

L1
L13
L16
L9
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APPENDIX F
¥

APL SIMULATION RESULTS

This appendix presents listings of the condensed metrics
1] describing the results of simulated trapezoidal and sinusoidal
steer maneuvers conducted on the various test vehicles.

The results from three classes of tests: Trapezoidal
steer, Sinusoidal steer 1 and Sinusoidal steer 2, are presented.
Trapezoidal steer tests employed a steering wheel angle input of

the following form:

SW

> time
(sec)

| 1 sec 4 sec 1 sec |

For Sinusoidal steer 1, an sine wave steering wheel angle input
of a 2-second period is used for all vehicles. Sinusoidal steer
2 employes a 3-second period for the two lighter vehicles and a
4-second period for the two heavy vehicles.

The title for each page of data indicates the vehicle and
its loading condition, the initial velocity of the test maneuver,
and a tire code, which in combination with Table F.1 indicates
the tires used on the vehicle.

A dictionary of metric definitions appears in Table F.2.
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Table F.1. Tire Codes*
¥

Heavy Bus:
HBO: Tire H12 on all wheels
HB1: Tire H18 on all wheels
HB2: Tire H19 on all wheels

Heavy Truck:
HT1: Tire H1 on all wheels
HT2: Tire H4 on all wheels
HT3: Tire H6 on all wheels

Light Van:
EO:  Tire L2 on all wheels (75 psi)
El: Tire L10 on all wheels
E2: Tire L15 on all wheels
E3: Tire L2 on all wheels (45 psi front, 75 psi rear)

E4: Tire L2 on front wheels (45 psi) and L11 on rear wheels

Pickup Truck
FO: Tire L1 on all wheels
F1: Tire L16 on all wheels
F2: Tire L13 on all wheels

F3: Tire L1 on all wheels (45 psi front, 75 psi rear)

*Tires identified as per codings presented in Table 3.1.
Recommended inflation pressures except as indicated.
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Table F.2. Dictionary of Metrics for Simulated

Trapezoidal and Sinusoidal Steer Maneuvers.
i

Trapezoidal Steer

STR4: Maximum steering wheel angle (deg)

BETAMX: Maximum absolute sideslip angle during
the 2-second time period (t), beginning
at the time of steering input (rad.)

BETDMX: Maximum absolute value of the rate of change
of sideslip angle during the time period t
(rad/sec).
CUVRAT: Average path curvature ratios = (1/R)av/(1/R)0
where ) >
t,t S
4 f
1 1 1 ~ 1 1
®av =77 @I =5 L @)
t, f i=1
1, _1] = 1 _
®o = Rlt, - ®i» 170
and ‘ '
t, is the time of the steering input
t4+1 is the time 2 seconds after the steering input
(%)av is the average path curvature over the

above defined interval [t4,t4+1]

(%)o is the path curvature at t . -
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AYMAX:
RMAX:

PHIMAX:

Sinusoidal Steer

STRS:
AYMAX:

DEL:

BETAMAX:

DELPSI:

UIN:
PHIMAX:

Table F.2 (Cont.)

¥
Maximum lateral acceleration over the entire
maneuver time interval (g's).

Maximum yaw rate over the entire maneuver
time interval (rad/sec).

Maximum roll angle over the entire maneuver
time interval (deg).

Maximum steering wheel angle (deg).

Maximum lateral acceleration over the entire
maneuver time interval (g's).

Lateral deviation of the vehicle position
from the "desired" 12-ft lane change at the
completion of the maneuver (ft).

Maximum absolute value of sideslip angle
during the time period t (rad).

Vehicle heading angle at the completion of
the maneuver (rad).

Initial velocity (mph).

Maximum roll angle over the entire maneuver
time interval (deg).
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HEAVY BUS SIMULATION RESULTS
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